Abstract: The structural properties of N'-[(E)-(5-chloro-2-hydroxyphenyl)methylidene]acetohydrazide (NClHMAH) 
I. Introduction
Hydrazides and hydrazones have been demonstrated to possess anti-microbial, anti-convulsant, analgesic, anti-inflammatory and anti-tumorial activities [1] . The acid hydrazides and their corresponding methyl hydrazides are of interest due to their remarkable biological activity. Acetyl hydrazones are known to posses good protection against convulsions [2] . The present study investigates the structural properties of N'-[(E)-(5-chloro-2-hydroxyphenyl)methylidene]acetohydrazide (NClHMAH), by various spectro -analytical techniques viz; mass, IR, UV, 1 H -NMR, 13 C -NMR, DEPT and pH-metry. Computational studies using ChemAxon and Hyperchem 7.5 have been carried out to calculate the energy parameters, heat of formation, dipole moments and energies of HOMO and LUMO orbitals. Equilibrium studies have been carried out on the title compound in 70% v/v DMF -water medium at 303 K and 0.1 M (KNO 3 ) ionic strength adopting pH-metric technique to determine number of dissociable protons.
II. Experimental
All the chemicals used were of Analytical Reagent (A.R) grade. The synthesis of N'-[(E)-(5-chloro-2-hydroxyphenyl)methylidene]acetohydrazide includes two steps -Preparation of Acetohydrazide following the literature methods [3] and in subsequent step its conversion to title compound (NClHMAH). A yellow coloured solid of NClHMAH separated out by adding 0.0032 mol of chlorosalicylaldehyde to a suspension of 0.0135 mol of acetohydrazide in 20mL methanol, and then refluxing it for 2 hrs. The solid obtained was filtered, washed with methanol, dried and recrystallized from methanol. The compound was separated out as a lemon yellow crystalline solid. The purity of the compound was checked by TLC, LC-MS and melting point.
Synthesis of Copper complex is facilitated by adding a solution of Cu (II) metal (0.00118 mol) to a hot methanolic solution of NClHMAH (0.0024 mol), in 1:2 molar ratio. The pH of the mixture is adjusted to enable dissociation of protons and subsequent binding of metal ion with the title compound. The reaction mixture was refluxed for about 6 -7 hours. The metal complex separated was filtered and washed with hot methanol, petroleum ether and finally air dried. The resulting metal complex was characterized by mass, IR, elemental analyses and thermo -analytical techniques. Anti -bacterial studies were also carried out on the title compound and its copper (II) complex.
III. Physical Measurements
Elemental analyses, IR, NMR and mass spectral studies were used for characterization. Mass spectral data were recorded on Schimadzu LCMS -2010A using atmospheric pressure chemical ionization in positive mode. IR spectra (KBr) were recorded on a JASCO FT/IR -5300 and the CHN elemental data were recorded on FLASH EA 1112 Series Thermofinnigan.
1 H and 13 C NMR spectra were recorded on ACF 200, BRUKER, WestGermany SUPER CONDUCTIVITY MAGNET. The equilibrium studies were carried out on a digital Digisun 707 pH-meter with an assembly of combined glass electrode maintaining the temperature constant. The dissociation constant of the ligand under study was calculated using Irving -Rossotti titration technique.
IV. Computational Studies
The computational studies were carried out by using Chemaxon [4] and HyperChem 7.5 [5] software. The energies of various conformers, heats of formation, energies, dipole moments, eigen values of HOMO & LUMO and QSAR properties are computed from these studies.
V.
Results & Discussion 5.1 Spectral Characterization of the hydrazone
Mass spectral data
The LC chromatogram of N'-[(E)-(5-chloro-2hydroxyphenyl)methylidene]acetohydrazide showed a single peak at 0.657 mins (positive mode) (Fig 1) . 
IR spectral data
The IR spectrum of NClHMAH (Fig 3) (Fig 4) . The split in CH 3 signal and presence of more number of signals than expected indicates the existence of conformers of NClHMAH.
The quantum mechanical calculations for NClHMAH showed NMR signals at δ 2.52 for CH 3 , δ 6.76 -7.21 for aromatic protons, δ 12.97 and 13.27 for OH and NH respectively. Thus, the 1 H -NMR spectral data of the ligand obtained experimentally was comparable with the data obtained by semi -empirical PM3 method. 
DEPT
The 
Equilibrium Studies
The proton -ligand constants (pK a ) of the title compound have been evaluated by analysing the pH titration curves obtained using the Irving -Rossotti method [6] . The potentiometric titrations were carried out in 70% DMF -water medium at 303 K and 0.1 M (KNO 3 ) ionic strength. The studies revealed that there are two dissociable protons in the ligand, one at 9.1 and the other at 11.0 (Fig 6) . The lower pK a value corresponds to dissociation of proton from hydroxyl group on the phenyl ring and the higher pK a value corresponds to the dissociation of proton from the amide group. The NH proton dissociation either takes place from nitrogen itself or from oxygen via enol form. But earlier studies [7] have supported that dissociation via enol form through oxygen is easier as the proton acquires relatively more acidic character in enol form compared to keto form.
The molecule was built using ChemAxon software and the pK a values were computed. The data obtained indicated the presence of two dissociable protons with pK a values 8.16 for proton of hydroxyl group and 11.77 for proton of the amide group. Thus, the experimentally obtained values for the dissociation constants for NClHMAH were found to be in good agreement with the computed data. From the data obtained, it is evident that NClHMAH is a dibasic acid with two potential donor sites.
The dissociation constant values of NClHMAH were found to be lowered when compared with values of N′-[(2-hydroxyphenyl) methylidene] acetohydrazide (NHMAH) [8] (10.9 and 13.2). This may be due to the presence of chloro group at para position to the hydroxyl group in NClHMAH, which being an electron withdrawing group might lead to dissociation of protons easily than from NHMAH. 
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Computational Studies
Computational studies on NClHMAH were computed using HyperChem and ChemAxon programmes. The molecule was built using HyperChem 7.5 software and geometry optimization was done. Molecular Orbital calculations were performed with Polak -Ribiere algorithm and Parametric Method 3 (PM3) semi -empirical function. The energy parameters, Heat of Formation, Dipole Moment for the optimized geometries were calculated. (TABLE 2) .
Table2: Energy parameters of NClHMAH obtained by Semi-empirical PM3 Geometry calculations
The electron density surfaces of Highest Occupied Molecular Orbitals (HOMO) (Fig 7a, 7b ) and the Lowest Unoccupied Molecular Orbitals (LUMO) (Fig 8a, 8b) , generated from the calculations are displayed below. The NMR studies indicated the existence of the title compound in more than one conformational form. Studies using ChemAxon software revealed the possibility of existence of seven conformation forms in the keto form and ten in the enol form. The energy difference between the conformers of both the forms was found to be small. The energies of all the conformers are given in the TABLE 4. The figures of the highest (Fig 9) and lowest (Fig 10) energy conformers of both keto and enol forms are displayed. 
Spectral characterization of the complex
Copper complex of the title compound has been synthesized and was characterized by spectral techniques such as Mass, IR, Elemental analyses and Thermo gravimetric studies.
LC -MS Data
The LC chromatogram showed a single peak at 0.552 mins (negative mode). The mass spectrum of the complex shows a dominant base peak at m/z 291. This molecular mass indicates the complex with 1:1 metalligand ratio with a coordinated water molecule (Fig 11) .
Earlier studies with N′-[(2-hydroxyphenyl) methylidene] acetohydrazide (NHMAH) [8] reported the formation of the dinuclear copper complex [Cu -(NMA)] 2 . While in the present system, formation of mononuclear complex with coordinated water is evident. However in both the systems the metal to ligand ratio is 1:1. Figure 11 Mass spectrum of the copper complex
IR Data
The IR spectrum of the complex (Fig 12) was recorded and compared with the ligand spectrum to study the changes in ligand upon complexation. Due to the binding of the ligand with the metal ion, v O-H, v N-H and v C=O peaks seen in the IR spectrum of the ligand disappear in the spectrum of metal complex. Thus, the coordination of specific donor sites with metal ion through deprotonation can be identified.
The IR spectrum of the ligand showed the presence of peaks v O-H (3836 cm -1 ), v C=N (1627 cm -1 ) and v CONH (1664 cm -1 ). The appearance of a trough in the range of 3100 -3500 cm -1 indicates the presence of coordinated water molecule. Disappearance of strong peak at 1664 cm -1 , indicated the involvement of oxygen of carbonyl group in the complex formation.
In the IR spectrum of the free ligand, a peak appears at 1627 cm -1 corresponding to v C=N of azomethine group. A slight shift in the peak towards lower wave number side, 1624 cm -1 was observed. This indicates the coordination of azomethine nitrogen with the metal ion. Appearance of peak at 1529 cm -1 indicates formation of diimine (-C=N-N=C-) group [9] . Medium intensity peaks at 1406 and 1369 cm -1 , characteristic to methyl group were observed. Weak absorptions in the range of 3100 -2800 cm -1 correspond to aliphatic and aromatic stretching frequencies. Figure 12 IR spectrum of the copper complex
Thermo -analytical Methods
Thermoanalytical studies (TGA & DSC) were carried out on the copper (II) complex to study the weight changes associated with thermally induced transitions.
The TGA curve of the complex showed the decomposition of the metal chelate in the temperature range of 0 -1200⁰C. The weight loss observed in the range of 200 -300⁰ C might be probably due to the loss of coordinated water molecule. The weight loss in the range of 340 -1200 ⁰C might be due to the gradual decomposition of the metal complex. The loss or gain of the energy involved during the physical transformation of the sample is measured by DSC and this is indicated by appearance of endothermic (absorption of energy) and exothermic peaks.
Biological Studies
The title compound and its metal complex were tested for anti-bacterial activity [10] [11] [12] [13] [14] [15] against a set of bacterial stains, namely, Escheriachia Coli and Staphylococcus aureus.
Agar diffusion method is employed to test the sensitivity of the test bacterial cultures to the compound in terms of inhibition of their growth. Such a compound thus is called "Anti-bacterial Agent". The extent of inhibition of the bacterial growth is determined in the form of diameter of the inhibition zone.
Agar diffusion method is carried out by inoculating overnight broth of test culture on a basal medium. Spread plate method is used to get carpeted growth which gets inhibited if it is susceptible to the test compound. The solution of the antimicrobial compound is loaded in the wells or on the filter paper disc. The antibacterial substance diffuses in the agar and thus inhibits the growth of actively growing bacterial cells.
The solutions were prepared using Dimethyl Sulphoxide (DMSO). The reason for choosing DMSO for anti-bacterial studies was that, it has no effect on the above mentioned bacterial stains. The results suggest that moderate antibacterial activity was shown by NClHMAH against Staph. Aureus and the compound is resistant to E.Coli. The copper complex has exhibited great anti -bacterial activity for both the cultures.
Conclusions
The structural aspects of the title compound have been studied by theoretical and experimental studies. NMR ( 1 H & 13 C) studies on the ligand revealed that the title compound exhibits conformational isomerism. The energy difference between the conformers of both keto and enol forms was found to be small. The IR and NMR studies calculated by semi -empirical PM3 method are nearly in good agreement with the obtained experimental data. Equilibrium studies carried on the ligand suggest that it is a dibasic acid and this was also indicated by ChemAxon software. Anti-bacterial studies were carried out on the title compound and it was found that the compound was resistant to gram negative bacteria while moderate activity was observed for gram positive bacterial culture.
Copper (II) complex of the hydrazone was also synthesized and characterized by spectral techniques. The mass spectrum of the complex showed the presence of a coordinated water molecule. This was further supported by thermo -analytical studies. The IR spectral data provided information regarding the donor sites for the formation of complex. Copper complex exhibited a very good anti -bacterial activity against both the cultures.
The electron density figures of HOMO and LUMO of NHMAH support the suitability of molecular orbitals oriented along carboxy hydrazone moiety for bonding with metal ion.
Thus, it can be concluded that the theoretical data is useful for analyzing the experimental data.
